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ASSEMBLY TYPE CRANKSHAFT 

CROSS-REFERENCE TO RELATED APPLICATION 
[0001] The present application claims priority under 35 U.S.C. §119 to Japanese 
Patent Application No. 2002-285203, filed September 30, 2002, the entire contents of 
which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to an assembly type crankshaft, and more 
particularly to the assembly type crankshaft to be assembled by pressing a crank pin of a 
crankshaft and into a crank web of the crankshaft. 

Description of Background Art 

[0003] In a conventional assembly type crankshaft to be assembled by pressing a 
hollow crank pin into a pair of crankshafts (crankshaft webs) held to oppose to each other, 
the hollow crank pin has been incorporated in advance with a part such as a connecting 
rod. The above-described both crankshafts (crankshaft webs) are moved to be closer to 
each other to thereby press the hollow crank pin comparatively lightly into a pin hole in 
the crankshaft. Thereafter, a cylindrical column-shaped piece member (plug member) 
having a slightly larger diameter than an inner diameter of a hollow hole of the hollow 
crank pin is caused to be pressed in from both sides of the hollow crank pin (See, for 
example, Japanese Patent Laid-Open No. 60-3741 1 (1 st page and 2 nd page, Fig. 2) 
[0004] The above-described conventional assembly type crankshaft described in 
Japanese Patent Laid-Open No. 60-37411 has a structure in which as shown in Fig. 6. 
Between a pair of crankshafts 02, 02 (crankshaft webs) held to oppose to each other, there 
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is arranged a hollow crank pin 01 incorporated with a part such as a connecting rod 04 in 
advance. The above-described both crankshafts 02, 02 are moved to be closer to each 
other to thereby press both ends of the hollow crank pin 01 comparatively lightly into pin 
holes 02a, 02a in the crankshafts 02, 02. Then, after the pressing-in has been completed, 
a cylindrical column-shaped piece member 03, 03 having a slightly larger diameter than 
an inner diameter of a hollow hole Ola of the crank pin 01 is pressed in from both sides of 
the hollow crank pin 01 . 

[0005] In the conventional assembly type crankshaft to be assembled by the 
above-described press-in, the pressing of the hollow crank pin into a pin hole in the 
crankshaft has been performed by means of comparatively light fitting. As such, a 
press-in allowance has been made to become relatively small, whereby in an assembly 
stage due to the press-in, the arrangement has been made in such a manner that a 
deformation of the crankshaft due to the assembly is confined to a minimum. After the 
assembly, the piece member (plug member) is pressed into the hollow hole in the hollow 
crank pin from its both ends, whereby the outer diameter of the hollow crank pin is 
bulged out to impart required surface pressure to the inner peripheral surface of the pin 
hole in the crankshaft, resulting in a crankshaft having a firm fixed state. 
[0006] According to the above-described assembly structure, since substantial fixing 
of the assembly type crankshaft due to pressing-in depends on surface pressure to an inner 
peripheral surface of a pin hole in the crankshaft to be imparted by the piece member 
(plug member) which is pressed into the hollow portion of the hollow crank pin, it is 
necessary that the piece member (plug member) has a predetermined length in order to 
impart the sufficient surface pressure. 

[0007] In large-sized types of engines, however, the rigidity of their crank pins is 
generally high, and in such a state, pressing of the piece member (plug member) into the 
hollow hole of the hollow crank pin in the assembly, that is, pressing of the long piece 
member into the hollow hole becomes considerably difficult because of excessive 
press-in load. Thus, since the excessive press-in load brings about press-in deformation 
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of the assembly type crankshaft, a process of correcting the deformation is generally 
required, thus deteriorating the productivity. 

[0008] Further in a four-stroke cycle engine, since the pin hole in the crankshaft is to 
be used as a passage of lubricating oil, the use of the long piece member causes a problem 
in setting the passage for the lubricating oil. 

[00091 Also, the use of the long piece member increases the weight of the crank pin, 
and the increase in the weight of the crank pin increases the counterweight, resulting in an 
increase in stress in the engine during the engine driving, and an increase in vibrations 
during high-speed rotation of the engine. 

[0010] Thus, appropriate measures for solving the above-described problems in the 
conventional assembly type crankshaft are desired, but in fact, until the development of 
the present invention, a good plan had not been found. 

SUMMARY AND OBJECTS OF THE INVENTION 
[0011] The present invention concerns an improved structure in the assembly type 
crankshaft for solving the problems, especially for improving productivity in assembly of 
the assembly type crankshaft, and an improved structure of the crankshaft viewed from a 
point of view of an improved plug member in assembly of the crank pin in the crankshaft. 
The present invention provides an assembly type crankshaft which includes: a crank pin 
of a crankshaft and at least one crank web of the crankshaft which have been fabricated as 
separate members. These separate members are integrally assembled and formed by 
pressing the crank pin into the pin hole provided in the crank web. The crank pin is 
made into a hollow member, and after the crank pin is pressed into the pin hole provided 
in the crank web with an ordinary press-in allowance, the plug member having 
predetermined length, shorter than the thickness of the crank web, is pressed into an end 
portion of the hollow hole in the crank pin. This causes the crank web to be bent and 
deformed in the up-and-down direction thereof. 

[0012] According to a first aspect of the invention, an assembly type crankshaft 
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includes: a crank pin of a crankshaft and at least one crank web of the crankshaft which 
have been fabricated as separate members. These separate members are assembled 
together by pressing the crank pin into a pin hole provided in the crank web. The crank 
pin is made into a hollow member, and after the crank pin is pressed into a pin hole 
provided in the crank web with an ordinary press-in allowance, a plug member having 
predetermined length, shorter than the thickness of the crank web is pressed into an end 
portion of the hollow hole in the crank pin. This causes the crank web to be bent and to be 
deformed in the up-and-down direction thereof. 

[0013] Therefore, pressing of the crank pin into the pin hole in the crank web is 
performed sufficiently firmly by means of that press-in allowance; the length of the plug 
member can be made significantly shorter is the case with conventional plug members. 
Since the press-in load when the plug member is pressed in is reduced, it becomes easier 
to press in the plug member. In addition, since the press-in load during that press-in is 
comparatively small, the deformation in the crankshaft due to the press-in is restricted. 
Therefore, an assembly type crankshaft with high productivity can be obtained, and the 
plug presents no obstacle in setting an oil passage for lubrication because of the plug 
being short in length. 

[0014] According to a second aspect of the invention, since the predetermined length 
of the plug member to be pressed into the end portion of the hollow hole in the crank pin 
is equal to or smaller than substantially one half of the thickness of the crank web, a 
press-in load required for pressing the plug member in is reduced; it is easy to press the 
plug member in; and deformation in the crankshaft due to the press-in is restricted. Also, 
the plug member presents no obstacle in setting an oil passage for lubrication. Further, 
since an increase in the weight of the crank pin is restricted, an increase in the 
counterweight is restricted; and any increase in vibrations during high-speed rotation of 
the engine and the like can be also restricted. 

[0015] According to a third aspect of the invention, the plug member to be pressed 
into the end portion of the hollow hole in the crank pin is shaped like a non-circular shape. 



5 



Attorney Docket No.: 0505-1247P 



Thus, the crank pin has a direction of a major axis and a direction of a minor axis in its 
cross-sectional shape, and the press-in is performed in a manner such that the direction of 
the major axis in the cross-sectional shape coincides with the up-and-down direction of 
the crank web. As a result, the deformation of the crank web occurred when the crank pin 
has been pressed in is corrected by press-in of the plug member. Further, since press-in of 
the plug member bulges out and deforms the crank pin in the up-and-down direction of 
the crank web, a slip inhibiting force in a press-in portion of the crank pin into the crank 
web is increased to dissolve occurrence of a relative slip between both in the press-in 
portion. 

[0016] Further scope of applicability of the present invention will become apparent 
from the detailed description given hereinafter. However, it should be understood that 
the detailed description and specific examples, while indicating preferred embodiments of 
the invention, are given by way of illustration only, since various changes and 
modifications within the spirit and scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] The present invention will become more fully understood from the detailed 
description given hereinbelow and the accompanying drawings which are given by way 
of illustration only, and thus are not limitative of the present invention, and wherein: 
[0018] Fig. 1 is a view showing an assembly type crankshaft according to the present 
invention, and a state of the crankshaft after assembly; 

[0019] Fig. 2 is a view showing a cross-sectional shape of a plug member to be 
employed in the present invention; 

[0020] Fig. 3 is a view showing a cross-sectional shape of another plug member to be 
employed in the present invention; 

[0021] Fig. 4 is a view for explaining an operation due to press in of a plug member to 
be employed in the present invention; 
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[0022] Fig. 5 is a view for showing an effect due to press in of a plug member to be 
employed in the present invention; and 

[0023] Fig. 6 is a view showing a state of a conventional assembly type crankshaft 
after assembly. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0024] With reference to the drawings, the description will be made of embodiments 
of the present invention. 

[0025] In Fig. 1, the crankshaft A is composed of a crank pin 1 and a crank web 2. The^ 
crank pin 1 has predetermined outer diameter and length, and is constituted as a hollow 
member with predetermined wall thickness having a hollow hole la, having also a 
passage portion lb for lubricating oil. 

[0026] Also, the crank web 2 has counterweight 2b and a journal 2c, and is further 
provided with a pin hole 2a, into which a crank pin 1 constituted by the hollow member is 
pressed. The pin hole 2a has an inner diameter smaller than an outer diameter of the crank 
pin 1 constituted by the hollow member, and a predetermined press-in allowance, that is, 
a press-in allowance to be normally adopted is to be given. It has also a passage 2d for 
lubricating oil. 

[0027] The crank pin 1 constituted by the hollow member and the crank web 2 are 
fabricated as a separate member respectively and after predetermined work is performed 
in advance, are integrally fixed with each other by pressing in to be assembled as the 
crankshaft A. 

[0028] The above-described assembly is summarized as below. The pair of left and 
right crank webs 2, 2 are arranged at a predetermined interval in advance; between the 
pair of crank webs 2, 2, there is arranged the crank pin 1 constituted by the hollow 
member in which a connecting rod and the like (not shown) have been incorporated in 
advance. After a predetermined centering operation and the like are performed, the pair 
of crank webs 2, 2 are urged so as to be closer to each other; and left and right ends of the 
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crank pin 1 constituted by the hollow member are pressed into each of the pin holes 2a, 
2a in those both crank webs 2, 2. A press-in operation for the assembly is performed by 
a predetermined mechanical operation. 

[0029] The press-in of the crank pin 1 constituted by the hollow member into the pin 
hole 2a, 2a in the crank web 2, 2 is performed with a predetermined press-in allowance 
when the inner diameter of the pin hole 2a, 2a in the crank web 2, 2 is smaller than the 
outer diameter of the crank pin 1 constituted by the hollow member, and dimensional 
relationship between the inner diameter of the pin hole 2a, 2a and the outer diameter of 
the crank pin 1 constituted by the hollow member, that is, the above-described press-in 
allowance is set to an extent that has been normally adopted as described above. 
[0030] Thus, after the press-in of the crank pin 1 constituted by the hollow member 
into the pin hole 2a, 2a in the crank web 2, 2 is performed and the crankshaft A is 
assembled, a cylindrical column-shaped plug member 3, 3, the cross-sectional shape of 
which is normally circular, having a predetermined outer diameter and length is pressed, 
as shown in Fig. 1, into the hollow hole la from both ends of the crank pin 1 constituted 
by the hollow member which is in the press-in state. 

[0031] The press-in of the plug member 3 into the hollow hole la of the hollow crank 
pin 1 is performed with the following distinctive structure. In other words, in the plug 
member 3 to be employed for the press-in, its outer diameter is made larger than the inner 
diameter of the hollow hole la of the hollow crank pin 1 as the natural structure. The 
dimensional relationship between the outer diameter and the inner diameter, that is, the 
press-in allowance is made into a predetermined one; and the press-in allowance normally 
adopted may be set and it may be appropriately adjusted. 

[0032] Also, the length of the plug member 3 is set to be short. In particular, the 
length is set to be equal to or less than substantially one half of the thickness t of the 
crank web 2, and is preferably set to substantially one third of the thickness t of the crank 
web 2 (See Fig. 1). 

[0033] The length of the plug member 3 is set to be equal to or less than substantially 
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one half of the thickness t of the crank web 2 as described above, and is more preferably 
set to be equal to or less than one third. The length of the plug member 3 should be set in 
consideration of the following points. 

[0034] In other words, as described above, the press-in allowance of the crank pin 1 
into the pin hole 2a in the crank web 2 is made into a normal press-in allowance, whereby 
fixing is performed, due to the sufficiently firm press-in which has been already 
performed. Also, the rigidity of the crank pin 1 is generally high, especially in large-sized 
types of engines, the crank pin 1 having high rigidity is employed, the use of the long 
plug member 3 makes the press-in load excessive, and such excessive press-in load 
causes deformation or the like of the crank web 2. 

[0035] Further, when the length of the plug member 3 exceeds the predetermined 
length, it presents an obstacle in setting a passage for lubricating oil. In addition, the use 
of the long plug member increases the weight of the crank pin 1 , resulting in an increase 
in the counterweight 2b and further an increase in vibrations during high-speed operation 
of the engine. The above-described points such as the foregoing are taken into 
consideration, and the length of the plug member should be set accordingly. 
[0036] The cross-sectional shape of the plug member 3 has been made circular as 
described above, but a plug member 3A, 3B the cross-sectional shape of which is 
elliptical or oval-shaped is preferably employed, as shown in Fig. 2 or Fig. 3. 
[0037] As the plug member 3A which is elliptical in cross-sectional shape, in 
dimensional relationship with the inner diameter of the hollow hole la in the crank pin 1, 
as shown in Fig. 2, for example, the length of dl in the direction of the minor axis is 
made substantially equal to the inner diameter of the hollow hole la of the crank pin 1, 
and the length of d2 in the direction of the major axis is set such that the press-in 
allowance becomes 50 to 100 um. 

[0038] Also, as the plug member 3B which is oval-shaped in cross-sectional shape in 
dimensional relationship with the inner diameter of the hollow hole la in the crank pin 1, 
as shown in Fig. 3, the length of dl in the direction of the minor axis is made to be 0.5 to 
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1 mm, and the length of d2 in the direction of the major axis is set such that the press-in 
allowance becomes 50 to 100 um. Thus, the plug member 3B has a possibility that during 
press-in, there occurs a clearance between the plug member 3B and the hollow hole la in 
the direction of minor axis dl. Thus, in order to prevent an oil leakage from the 
clearance, the plug member 3B is provided with a collar portion 3b. 
[0039] In this respect, as regards the length of the plug member 3A, 3B which is 
elliptical or oval-shaped in cross- sectional shape, as in the case of the plug member 3 
which is circular in cross-sectional shape, it is set to substantially one half of the 
thickness t of the crank web 2, and is preferably set to substantially one third. 
[0040] Thus, the adoption of the plug member 3A, 3B which is elliptical or 
oval-shaped in cross-sectional shape brings about an advantageous operation for 
correcting deformation of the crank web 2 occurred in the press-in of the crank pin 1 into 
the pin hole 2a in the crank web 2, that is, such deformation into "V" character-shaped 
configuration of the crank web 2 occurred by the press-in into the pin hole 2a in the crank 
pin 1 as shown in Figs. 4(a) and (b). 

[0041] In other words, when the crank pin 1 is pressed into the pin hole 2a provided in 
the crank web 2 as shown in Figs. 4(a) and (b), the inner diameter of the pin hole 2a is 
widen when its press-in port side 2ai receives a strong urging force in a direction 
indicated by an arrow "a"; the press-in port side 2ai of the crank pin 1 is bent in such a 
state as shown in Fig. 4(a) to deform the crank web 2 by an amount corresponding to an 
angle 9; and as a result, the crankshaft after the press-in of the crank pin 1 becomes such 
that the both left and right crank webs 2, 2 become deformed into "V" character-shaped 
configuration as a whole. 

[0042] After the crank pin 1 is pressed into the pin hole 2a, the elliptical plug member 
3A or the oval-shaped plug member 3B will be pressed into the end portion of the hollow 
hole la in the crank pin 1 . During in the press-in of the plug member 3 A or 3B into the 
end portion of the hollow hole la in the press-in operation, a longitudinal direction d2 of 
the plug member 3a or 3b in its cross section, that is, the elliptical or oval-shaped 
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direction of major axis d2 is selected so as to coincide with an up-and-down direction Z 
of the crank web 2. 

[0043] Thus, due to the above-described selection during the press-in of the plug 
member 3A or 3B into the hollow hole la, (See Fig. 4(b)), on the side of direction dl of 
minor axis of a cross-section of the plug member 3A or 3B, a bulging-out force which the 
inside of the hollow hole la of the crank pin 1 receives is small. In contrast, on the side 
of direction d2 of major axis of the cross-section, a bulging-out force which the inside of 
the hollow hole la of the crank pin 1 receives is large. Therefore, the crank web 2 
becomes larger in a direction indicated by an arrow "b" by an urging force in the 
up-and-down direction Z, as compared with a smaller urging force in the lateral direction, 
especially in the up-and-down direction Z on the side of the press-in port lai of the plug 
member 3 A or 3B. 

[0044] Therefore, due to the urging force in a direction indicated by the arrow "b" 
which occurs by press-in of the plug member 3A or 3B into the hollow hole la in the 
crank pin 1 , the crank web 2 deformed as shown in Fig. 4(a) is deformed in a direction 
that the deformation is canceled and offset as shown in Fig. 4(b). As a result, the 
above-described deformation of the crank web 2 is corrected by the press-in of the plug 
member 3 A or 3B into the hollow hole la in the crank pin 1 . 

[0045] Also, the use of the plug member 3A or 3B which is elliptical or oval-shaped in 
cross-sectional shape during the press-in brings about bulge and deformation in the 
up-and-down direction Z to the crank pin 1 , in addition to the effect of deformation and 
correction of the crank web 2. The bulge and deformation of the crank pin 1 exerts an 
operation of inhibiting a relative slip between the crank web 2 and the crank pin 1 , and a 
slip torque characteristic as shown in Fig. 5 can be obtained. Thus, the necessity for 
taking a large press-in allowance for pressing the crank pin 1 in can be avoided. 
[0046] Since the embodiment shown in Figs. 1 to 5 is constructed as described above, 
the press-in of the crank pin 1 into the pin hole 2a in the crank web 2 is performed with a 
press-in allowance to be normally adopted. Therefore, the press-in is sufficiently firm, 
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the length of the plug member 3, 3A, 3B can be made shorter than is the case in 
conventional configurations. Specifically, the length can be set to be equal to or less 
than substantially one half of the thickness of the crank web, and preferably can be set to 
substantially one third of the thickness of the crank web. 

[0047] Also, when pressing the plug member 3, 3 A, 3B into the inner end portion of 
the hollow hole la in the crank pin 1, since its press-in load is set to be comparatively 
small, it is easy to press in the plug member, and deformation to the crankshaft, especially 
the crank web due to the press-in load can be kept to a minimum. 

[0048] Since the length of the plug member 3 is set to be short and the weight of the 
crank pin 1 is restricted to be low, the weight of the counterweight of the crank web is 
restrained from increasing. As a result, vibrations during high-speed rotation of the 
engine is restrained from increasing. 

[0049] Also, as describe above, the plug member 3, the plug member 3 A or 3B whose 
cross-sectional shape is elliptical or oval-shaped is employed and the press-in is 
performed with the direction d2 of major axis of the plug member 3A or 3B caused to 
coincide with the up-and-down direction Z of the crank web 2. As a result, deformation 
of the crank web 2 occurring when the crank pin 1 is pressed into the pin hole 2a in the 
crank web 2 is corrected by pressing the plug member 3A or 3B having the elliptical or 
oval-shaped cross sectional shape into the inner end portion of the hollow hole la in the 
crank pin 1, and an additional correction operation of the crankshaft after the crankshaft 
assembly can be precluded or reduced. 

[0050] Further, the plug member 3A or 3B whose cross-sectional shape is elliptical or 
oval-shaped is employed, and the press-in is performed with the direction d2 of major 
axis of the plug member 3 A or 3 B caused to coincide with the up-and-down direction Z 
of the crank web 2, and the press-in causes the crank pin 1 to bulge out and become 
deformed in the up-and-down direction. Therefore, there is increased a relative anti-slip 
effect between the pin hole 2a in the crank web 2 which has press-in relationship with the 
crank pin 1 each other and the crank pin 1. Accordingly, the press-in allowance in the 
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press-in can be set to be less. 

[0051] In place of the above-described embodiment, various embodiments are 
conceivable. 

[0052] In the above-described embodiment, the crank pin has been of a hollow 
member, but the crank pin may be of a solid member, and when a crank pin made of a 
solid member is employed, on both ends thereof, there are provided apertures for pressing 
the plug in. 

[0053] In the above- described embodiment, the plug member has been a solid member 
whose cross-sectional shape is circular or elliptical, oval-shaped which is non-circular, 
but the present invention is not limited to the members of the above-described 
cross-sectional shape, but various shapes can be appropriately selected for use without 
departing from the gist of the invention. Members whose cross-sectional shape is oblong, 
polygonal, square, rectangular or the like are also selected for use. 

[0054] The invention being thus described, it will be obvious that the same may be 
varied in many ways. Such variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifications as would be obvious to one 
skilled in the art are intended to be included within the scope of the following claims. 



